Background/Aims: Preeclampsia (PE) is a systemic inflammatory response syndrome involving varieties of cytokines, and previous studies have shown that IL-33 and its receptor IL-1RL1 play pivotal roles in the development of it. As a polygenetic hereditary disease, it is necessary to study the gene analysis for PE. Therefore, the present study was to determine whether IL-33 rs3939286 and IL-1RL1 rs13015714 associated with susceptibility to PE in Chinese Han women. Methods: 1,031 PE patients and 1,298 controls were enrolled and the genotyping for rs3939286 in IL-33 and rs13015714 in IL-1RL1 was performed by TaqMan allelic discrimination real-time PCR. Hardy-Weinberg equilibrium (HWE) was examined to ensure the group representativeness and Pearson's chi-square test was used to compare the differences in genetic distributions between the two groups. Results: No significant differences in genotypic and allelic frequencies of the two polymorphisms loci were observed between cases and controls. There were also no significant differences in genetic distributions between mild/ severe and early/late-onset PE and control groups. Conclusion: Although our data suggested that the polymorphisms of IL-33 rs3939286 and IL-1RL1 rs13015714 might not be critical risk factors for PE in Chinese Han women, the results need to be validated in different nations.
Introduction
As a most common and severe pregnancy-specific syndrome, preeclampsia (PE) is traditionally characterized by the new onset of hypertension with proteinuria after the 20 th gestational week, afflicting 3-5% of pregnancies [1] . New definitions also include maternal organ dysfunctions such as renal insufficiency, liver damage, neurological or hematological complications and so on and when left untreated, it can be fatal for both the mother and the fetus [1] . PE is still one of the main causes of maternal, fetal, and neonatal morbidity and mortality worldwide with no effective treatment measures except for the termination of pregnancy [1] . Therefore, large numbers of researches have been focused on the etiology of this disorder. However, the exact etiology and pathogenesis remain unclear. Recent studies have suggested that PE is a maternal excessive systemic inflammatory responses involves a Th1/Th2 immune imbalance: normal pregnancy is considered to be a mild inflammatory state with a Th2 predominance, while PE pregnancy has been described as a Th1 dominant pro-inflammatory condition; the Th1 immune bias with participation of varieties of Th1 cytokines including IL-1, IL-2, IL-12, interferon-γ (IFN-γ) and so on plays a pivotal role in the development of PE [2] [3] [4] .
IL-33 is a novel important member of IL-1 cytokine family with strong immunoregulatory functions. As a key pro-inflammatory cytokine, it can enhance Th cell immune responses through combining with its receptor ST2 (suppression of tumorigenicity 2, encoded by IL-1RL1) and co-receptor IL-1 receptor accessory protein (IL-1RAcP) [5, 6] . Mainly secreted by endothelial cells, epithelial cells, macrophages and fibroblasts [7] , IL-33 can activate dendritic cells (DCs) and then promote the release of Th1 cytokines such as IL-12 and IL-2, both of which can induce the production of IFN-γ [8] . IFN-γ can inhibit the migration and invasion of cytotrophoblasts and trigger spiral artery modification, which results in placental ischemia and hypoxia, and eventually leads to PE [4, 9] . ST2 belongs to IL-1 receptor super-family and has four isoforms, of which the best characterized are the membrane-bound form ST2L and a soluble variant of ST2 (sST2) [10] . In normal pregnancy, IL-33 binds to ST2L and mainly promotes Th2 responses to maintain the state of immune tolerance to the fetus [11] . While in PE pregnancy, the increased circulating level of sST2 acts as a decoy receptor to regulate the activity of IL-33, which contributes to the Th1 bias observed in this disorder [12, 13] .
PE is a complex polygenetic hereditary disease involving both genetic and environmental factors [14] and previous studies have identified many candidate genes associated with susceptibility to it, such as IL-1 [15, 16] , TNF-α [17, 18] , IFN-γ [19] and so on. We therefore hypothesize that IL-33 and IL-1RL1 might play critical roles in pathophysiology of PE. The single nucleotide polymorphisms (SNPs) rs3939286 in IL-33 and rs13015714 in IL-1RL1 are two important functional tag SNPs and have been demonstrated in connection with many immune/inflammatory diseases such as inflammatory bowel disease (IBD) [20] , rheumatoid arthritis (RA) [21] , nasal polyposis (NP) [22] and idiopathic achalasia [23] . In this present study, we attempted to investigate whether IL-33 rs3939286 and IL-1RL1 rs13015714 were associated with risks for PE in Chinese Han women. The enrolled subjects were all Chinese Han women who had been hospitalized for the same period, and both groups were age-matched. Basic clinical characteristics like maternal age, gestational week at admission/delivery, systolic/diastolic blood pressure, pregnancy and delivery history, clinical manifestations, and results of laboratory examinations were collected to make a database. The current study was approved by the ethics committee of the Affiliated Hospital of Qingdao University (IRB: QYFY20120107), and all subjects provided their written informed consent with guarantees of confidentiality before participation in the research.
Materials and Methods
PE was diagnosed on the basis of the onset of hypertension (≥ 140/90mmHg) with proteinuria (≥ 0.3g/24h, or ≥ 1+ by dipstick) after the 20 th gestational week in a woman with no past history of hypertension, and could be accompanied by upper abdominal discomfort, headache, and blurred vision, according to previously published criteria [24] . The enrolled controls were normal later pregnant women without clinical history of PE, chronic hypertension, heart disease, kidney disorders, diabetes mellitus, hepatic diseases, transfusion, or immunotherapy. They also had no obstetric complications such as premature membrane rupture, placenta previa, or threatened abortion in the present gestation, and those who experienced artificial insemination, twin or multiple pregnancy, and macrosomia should be excluded as well.
Genetic Studies
Genomic DNA was extracted from 200 µl peripheral venous blood using a DNA extraction kit (Qiagen, Hilden, Germany). The genotyping for the two SNPs loci IL-33 rs3939286 and IL-1RL1 rs13015714 was conducted by the TaqMan allelic discrimination real-time PCR. Taqman probes and primers were synthesized by Applied Biosystems of Life Technologies (New York, USA). The rs3939286 primers were 5′-AGA TAA CAA CAA CCC ACT ACA AGCA-3′ (forward) and 5′-CAA CAA CAA ACC ATG GGG ATG TGGA-3′ (reverse); rs13015714 primers were 5′-CGG CTA TGG GTT TCC CTT TTC CTTT-3′ (forward) and 5′-GTT AAA TAA CAG TTC TGC CAC AAAA-3′ (reverse). PCR was conducted in a 25-µl reaction system containing 1.25 µl 20×SNP Genotyping Assay, 12.5 µl 2×PCR Master Mix, and 11.25 µl DNA and DNase-free water. Amplifications were carried out in a C1000™ thermal cycler and CFX96™ real-time system (Bio-Rad, California, USA) under the following conditions: 95°C for 3 min, followed by 45 cycles of 95°C for 15 s and 60°C for 1 min. For each cycle, the fluorescent signals from VIC/FAM-labeled probes were detected. The discrimination of genotypes was conducted using Bio-Rad CFX manager 3.0 software.
Statistical Analysis
Statistical analyses were conducted using statistical software package SPSS 21.0 (SPSS Inc., Chicago, IL). The differences in basic clinical characteristics between case and control groups were identified by Student's t-test. Hardy-Weinberg equilibrium (HWE) in both groups was examined using the chi-square test to ensure the representativeness. The comparison in genetic distributions between cases and controls were conducted by Pearson's chi-square test and Fisher's exact test was used when expected values were below 5. The relative risk degree was shown by ORs and 95% CIs and statistical significance was set at p < 0.05. Power analysis was performed using the program Power and Sample Size Calculations (PS, Version 3.1.2), considering an alpha of 0.05.
Results

Basic Clinical Characteristics
The differences in basic clinical characteristics between PE and control groups were shown in Table 1 . The two groups were age-matched (cases 30.00 ± 5.79 years, controls 30.34 ± 4.11years, p = 0.107), and there were no significant differences in gravidity and the number of abortions between PE patients and controls (p > 0.05). However, PE women were admitted and delivered much earlier (p < 0.001), and had significantly lower fetal birth weights (p < 0.001), higher blood pressure (p < 0.001), and elevated levels of white blood cells (p < 0.001) and neutrophils (p = 0.001) compared to normal pregnant women.
Genotyping Analysis
The recruited controls in the present study conformed to HWE (rs3939286: χ 2 = 1.029, p = 0.310; rs13015714: χ 2 = 0.005, p= 0.945). The genotypic and allelic frequencies in IL-33 rs3939286 and IL-1RL1 rs13015714 between the two groups were summarized in Table 2 : there were no significant differences in this two SNP loci between PE patients and controls (rs3939286: for genotype, p = 0.348, for allele, χ For further investigation of the correlation between IL-33 rs3939286 or IL-1RL1 rs13015714 and PE, we divided PE patients into mild and severe PE subgroups according to the guidelines from the American College of Obstetricians and Gynecologists [25] , and then compared the genetic distributions of rs3939286 and rs13015714 in mild or severe PE women with those in normal controls. Table 3 showed that no significant differences in genotypic or allelic frequencies between mild/severe PE patients and controls were observed at any of the two polymorphic sites (mild PE vs. control: rs3939286, for genotype, p = 0.657, for allele, χ Early-onset PE patients were those diagnosed before the 34 th week of gestation, and can be more severely affected than those with later-onset PE [26] . Table 4 showed that there existed a weak association in the genetic distributions of rs3939286 in IL-33 between earlyonset PE and control groups (for genotype, p = 0.046, for allele, χ 
Discussion
PE is one of the most common and severe obstetric complications and remains a leading cause of maternal, fetal and neonatal morbidity and mortality worldwide, especially in lowincome and middle-income countries [27] . If were not given timely diagnosis and treatment, PE patients could experience some severe complications such as eclampsia, kidney failure, Table 4 . The comparison of genetic distributions between early/late-onset PE and control groups. a: p-value of Fisher's exact test stroke and so on, which can all put to death [28] . Moreover, children born to PE mothers can have increased risks of cerebral palsy and bronchopulmonary dysplasia arising from premature delivery and tend to be much smaller for the gestational age [29, 30] . However, the precise etiology and pathogenesis of PE need to be further elucidated. Previous studies have been indicated that the development of PE relates to inflammatory responses, immune imbalance, placental ischemia and hypoxia, oxidative stress, and hereditary factors [2-4, 14, 31-34] , and the role of Th1/Th2 imbalance in PE is becoming increasingly important.
Normal successful pregnancy is described as a state of Th2 dominant mild inflammatory responses secondary to the presence of the placenta, which helps create an immune-tolerant environment for the prevention of fetal rejection. By contrast, PE pregnancy is considered to be an excessive maternal pro-inflammatory state with Th1 predominance, which involves a series of Th1 cytokine immune responses [2] . As one of the most important early proinflammatory cytokines, IL-33 plays a key role in promoting the development of Th1 responses. Primarily secreted by endothelial/epithelial cells and macrophages [7] , IL-33 can activate DCs to release Th1 cytokines such as IL-12 and IL-2, both of which can induce the production of IFN-γ [8] . For one thing, IL-12 can promote Th0 cells to proliferate and differentiate into Th1 cells, as well as induce IFN-γ release from activated T and natural killer (NK) cells; for another, IL-2 can activate NK/NKT cells and then promote the production of IFN-γ [8] . IFN-γ can enhance the cytotoxic potential of NK cells, leading to the induction of vascular spasms of placenta tissue; it can also inhibit the migration and invasion of cytotrophoblasts, and trigger spiral artery modification [4] , which can result in placental ischemia and hypoxia, the release of angiogenic and inflammatory factors, and maternal endothelial damage, eventually leads to occurrence of PE [4] . The IL-33 receptor ST2 has two important isoforms of ST2L and sST2. In normal pregnancy, IL-33 combines with ST2L and primarily activates Th2 immune responses to maintain the state of immune tolerance to the fetus [11] . While in PE pregnancy, sST2 acts as a decoy receptor to regulate the activity of IL-33, which contributes to the Th1 bias observed in this disorder. Both Ingrid Granne [12] and Tamara Stampalija have demonstrated that the circulating level of sST2 was significantly elevated in PE patients compared to normal pregnant women.
As PE is a polygenetic hereditary disease and previous studies have been indicated that many cytokine genes are associated with susceptibility to it such as VEGF [35, 36] , NLRP1 [37] , IL-1 [15, 16] , TNF-α [17, 18] , IFN-γ [19] and so on. Therefore in the present study we investigated whether IL-33 rs3939286 and IL-1RL1 rs13015714 play pivotal roles in the development of PE. Our current study found no significant differences in genetic distributions of the rs3939286 in IL-33 and rs13015714 in IL-1RL1 between PE patients and controls. We further divided the PE patients into mild/severe and early/late-onset subgroups and there were also no significant differences. Our results suggest that the two SNP loci rs3939286 and rs13015714 might not associate with risks for PE in Chinese Han women. To the best of our knowledge, we are the first worldwide to study the correlation between IL-33 rs3939286 and IL-1RL1 rs13015714 and PE susceptibility in Chinese Han Population. But this should be verified in different races and regions. However, previous studies have demonstrated that the two SNPs are in connection with risks for some other diseases. For instance, Anna Latiano and his colleagues [20] have found that the IL-33 rs3939286 associates with risks for both Crohn's disease (CD) and ulcerative colitis (UC), while IL-1RL1 rs13015714 contributes to the risk of CD in an Italian patients cohort of adult and pediatrics. Buysschaert ID et al. [22] conducted a two-stage study, suggesting that the rs3939286 played a significant role in the pathogenesis of NP.
There are many reasons that could explain our negative results. As PE is a polygenetic hereditary disease, it is conceivable that one or even several SNP loci defect might not cause changes of gene expression and function. Secondly, environmental factors such as diet, obesity, stress and so on could make influence on the occurrence of PE. Moreover, the differences from race and region are likely to affect the results. In addition, our results were also limited by the sample size of the present study (the post-hoc power calculations for rs3939286 and rs13015714 are 13.7% and 5.7% respectively). Finally, we only investigated
